The term a is a displacement vector which involves three displacement components and three rotational angle components in three directions and the term f a force vector which involves three external force and three moment components.
The subscripts 1 and 2 mean the respective sides of an element, To analyze dynamic behavior of a structural component, a combined matrix equation must be derived. By multiplying transfer matrices, the elements are connected together.
So, the size of matrix is fixed, but the error in multiplying matrices must be reduced. By using a stiffness matrix, elements are connected after eliminating force vectors at joint points, considering the equation of force balance E f,=0 (i: number of elements connected at joint point). By use of the stiffness matrices alone, elements are connected without calculation error, but the size of combined matrix increases as the number of elements increases.
The authors made an attempt to improve these methods. Advantages of the resulting method were shown in analysis of a jet pump, one of the important components in BWR.
In the analysis, the jet pump is treated as a assembly of eighteen elements as shown in Fig. 1 . Each of the ten node points connects two elements and each of the four branch points connects three or four elements.
Except the element #12, the others can be treated as a straight or curved beam pipe. All the transfer and stiff- stiffness matrices for each block. The response at each node point is calculated from transfer matrices of each element. The frequency response of the jet pump was analyzed for the vibration at the branch point A (Fig. 1 ) in x-then y-direction, under two conditions. The first condition is a jet pump in air and the second is a jet pump in water at rest in infinite-sized container. The results were compared with those by the original method. The results agreed within an accuracy better than 0.01%. Computer capacity can be one-third reduced and calculation time a half. Figure 2 shows the frequency response, in y-direction, of a point inertance which is the ratio of acceleration to vibration force at the vibration point. In water, the resonant frequencies are decreased due to virtual mass. The phase is seen to change 180-after passing a resonant or an antiresonant frequency.
The damping term is not considered for the calculation of frequency response, so that the phase takes the value 0-or 180d. (1) To obtain a combined matrix equation, a method in which transfer matrices are used together with stiffness matrices was developed. (2) An application of this method to a jet pump showed that computer capacity and calculation time can be saved compared with a conventional method using only stiffness matrices.
This short note dealt mainly with the analytical method, so the node points and the three fixed ends were regarded as fixed points.
To predict vibration of the jet pump in a reactor, consideration should be given to dynamic characteristics of these points.
Consideration is also necessary to the differences between flowing water in a jet pump surrounded by water in a finitesized container (actual condition) and water at rest in a jet pump, surrounded by water at rest in an infinite-sized container (calculation condition).
